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(57) Nickel-base superalloys are provided which produce single crystal articles having improved tolerance 1o low angle 
grain boundaries and an improved balance between cyclic oxidation and hot corrosion resistance. The improved tolerance 
arises from the discovery that nickel-base superalloys suitable for casting as single crystal articles can be improved by the 
addition of small, but controlled, amounts of boron and carbon, and optionally hafnium, and is manifested principally by 
improved grain boundary strength. As one result of this increased grain boundary strength, grain boundary mismatches far 
greater than the 6° limit for prior art single crystal superalloys can be tolerated in single crystal articles made from the 
nickel-base superalloys of this invention. These alloys are especially useful when directionally solidified as hot-section 
components of aircraft gas turbine engines, particularly rotating blades and stationary vanes. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] With a percent by weight, intrinsically 9.5-10.0% of chromium, 7.0-8.0% of cobalt, 1.3-1.7% of 
molybdenum, 5.75-6.25% of tungsten, 4.6-5.0% of tantalum, 3.4-3.6% of titanium, 4.1-4.4%> of aluminum, 
0.4-0.6% of niobium, 0.1-0.2%) of hafnium, 0.05-0.07%) of carbon, And nickel radical-superalloy which was 
excellent in balance of a cycle-proof oxidizing quality and elevated-temperature corrosion resistance while 
having 0.003-0.005% of boron component and having the improved low angle grain boundary resistance 
which the remaining components become from nickel and a subordinate impurity. 

[Claim 2] An overall presentation with weight percent intrinsically 9.5-10.0% of chromium, 7.0-8.0% of 
cobalt, 1.3-1.7% of molybdenum, 5.75-6.25%) of TANZU stainless steel, 4.6-5.0% of tantalum, 3.4-3.6% of 
titanium, 4.1-4.4%) of aluminum, 0.4-0.6%) of niobium, 0.1-0.2% of hafnium, 0.05-0.07% of carbon, And it 
is the single crystal casting product which consists of nickel radical-superalloy with which it has 0.003- 
0.005%) of boron component, and the remaining components consist of nickel and a subordinate impurity. 
The single crystal casting product which was excellent in balance of a cycle-proof oxidizing quality and 
elevated-temperature corrosion resistance while having the low angle grain boundary resistance in which all 
the low angle grain boundaries that exist in the single crystal casting product concerned are 0 degrees or 
more, and have been improved. 

[Claim 3] The casting product according to claim 2 the range of all whose low angle grain boundaries that 
exist in the casting product concerned is 0 to 20 degrees. 

[Claim 4] The casting product according to claim 3 which is an aerofoil member for gas turbine engines. 
[Claim 5] An overall presentation with weight percent intrinsically 9.5-10.0% of chromium, 7.0-8.0%) of 
cobalt, 1.3-1.7% of molybdenum, 5.75-6.25%) of TANZU stainless steel, 4.6-5.0% of tantalum, 3.4-3.6%) of 
titanium, 4.1-4.4%) of aluminum, 0.4-0.6%) of niobium, 0.1-0.2%) of hafnium, 0.05-0.07%) of carbon, And it 
is the casting product which consists of nickel radical-superalloy with which it has 0.003-0.005%) of boron 
component, and the remaining components consist of nickel and a subordinate impurity. The casting product 
at least whose part it excels in balance of a cycle-proof oxidizing quality and elevated-temperature corrosion 
resistance while having the improved low angle grain boundary resistance, and is a single crystal. 
[Claim 6] The casting product according to claim 5 all whose low angle grain boundaries that exist in the 
above-mentioned single crystal part are 0 degrees or more. 

[Claim 7] The casting product according to claim 6 the range of all whose low angle grain boundaries that 
exist in the above-mentioned single crystal part is 0 to 20 degrees. 

[Claim 8] The casting product according to claim 6 which is the aerofoil member for gas turbine engines 
which an aerofoil part becomes from the above-mentioned single crystal part at least. 
[Claim 9] An overall presentation with weight percent intrinsically 9.5-10.0% of chromium, 7.0-8.0% of 
cobalt, 1.3-1.7% of molybdenum, 5.75-6.25%) of TANZU stainless steel, 4.6-5.0%o of tantalum, 3.4-3.6%) of 
titanium, 4.1-4.3%) of aluminum, 0.4-0.6%) of niobium, 0.1-0.2% of hafnium, 0.05-0.07%) of carbon, And the 
casting product which was excellent in balance of a cycle-proof oxidizing quality and elevated-temperature 
corrosion resistance while having 0.003-0.005%) of boron component and having the low angle grain 
boundary resistance which is the casting product which consists of nickel radical-superalloy with which the 
remaining components consist of nickel and a subordinate impurity, and has been improved. 
[Claim 10] The casting product according to claim 9 obtained by directional solidification. 
[Claim 11] The casting product according to claim 9 cast in the usual approach. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Invention which indicates here and charges protection has invention and relation which indicated for the 
application number No. 307,819 received by the United States patent agency on October 2, 1981, and 
charged protection. 
(Field of the invention on industry) 

Generally, this invention relates to the nickel radical-superalloy useful to the high temperature member, 
especially revolution blade (rotating blade) of an aircraft gas turbine engine which can be cast as a single 
crystal product. 
(Prior art) 

The effectiveness of a gas turbine engine is greatly influenced by the operating temperature of various 
engine components, and effectiveness will become good if operating temperature becomes high. The heat- 
resistant superalloy which can maintain the property of a fundamental ingredient by research for gathering 
effectiveness, bearing an elevated temperature increasingly came to be developed. Moreover, the blade 
(blade) and blade (vane) which cool efficiently the ingredient used in order to induce a complicated casting 
cavernous configuration, for example, such a configuration, also from demand of wanting to make operating 
temperature high increasingly, to altitude came to be developed. 

In casting used for the early nickel radical-superalloy by the usual casting usually called nickel radical- 
superalloy, the part which consists of many (non-orientation) homaxial single crystals (particle) which 
generally have a grain boundary between particles, and which turned to the random sense arose 
crystallographically. A grain boundary is the field of structure [-less orientation / degree / of pole ], and the 
width of face is useful to that (accommodate) which adjusts the crystallographic orientation difference 
between the particles which pass and adjoin by several times the atomic diameter (crystallographic 
orientation difference). 

Generally the angle-of-elevation grain boundary (hugh angle grain boundary:HAB) is considered that the 
crystallographic orientation difference between the adjoining particles is the boundary of about 5 - 6 or more 
degrees. It is [ cm ] the field of the high surface energy of the order of two hundreds of erg /, and it is the 
location of misfit (misfit) random to the degree of pole, so that neither explanation of structure nor modeling 
can make it easy in an angle-of-elevation grain boundary. An angle-of-elevation grain boundary is 
extremely rich in a fluidity for the height of such energy, and randomness, and since it is the location from 
which it is easy to start solid-state reactions, such as diffusion, sedimentation, and phase transition, an angle- 
of-elevation grain boundary plays a role important for deformation, the crushing property, and chemical 
property (for example, resistance over oxidation or high temperature corrosion) of a poly crystal metal. 
Moreover, the high energy of HAB, and since it is disorderly, the atom of an impurity can be selectively 
drawn near to the direction of an angle-of-elevation grain boundary (segregating), and the concentration of 
the atom of the impurity in a grain boundary may become larger several figures than the concentration of the 
atom of the same impurity in a particle. If such high impurity atom concentration exists in an angle-of- 
elevation grain boundary, chemical property may also sometimes be changed [ metaled / mechanical and ] 
further. For example, in nickel radical-superalloy, lead and a bismuth are harmful impurities which 
segregate to a grain boundary. In an elevated temperature, also in a minute amount (namely, several ppm), 
this kind in a nickel radical-superalloy grain boundary of impurity spoils a mechanical property (for 
example, stress disruptive strength), and, generally destruction is produced in a grain boundary. 
Generally in contrast with the angle-of-elevation grain boundary, the low angle grain boundary (low angle 
grain boundary) called a subgrain community (subgrain boundary) is considered that the crystallographic 
orientation difference between the adjoining particles is boundary about 5 degrees or less. However, the 
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classification as an angle-of-elevation grain boundary or a low angle grain boundary should care about the 
point which may change with engines which classify again by people. About the case called low angle grain 
boundary (LAB) considered that the orientation difference which crosses a boundary becomes 1 degree or 
less where it is limited, the boundary can be explained about the normal array (regular array) of ****** 
(edge dislocation) (tilt boundary), i.e., a dip boundary, (modeling). A mismatch (mismatch) is a thing 
between all contiguity particles technically, and although it is not the thing of boundary itself, since, as for 
extent of a mismatch, a boundary is usually referred to, vocabulary called a 5 -degree low angle grain 
boundary shall be used as an acceptance word here, for example. 

There is far advanced order in a low angle grain boundary, and it has surface energy lower than an angle-of- 
elevation grain boundary. For advanced order and low surface energy, a fluidity is low, attraction of an 
impurity atom decreases, and, for this reason, mechanical and the effectiveness exerted on chemical 
property decrease compared with an angle-of-elevation grain boundary. Therefore, although any grain 
boundaries do not make desirable conditions, if a low angle grain boundary is compared with an angle-of- 
elevation grain boundary, it can be said that it is desirable. 

The improvement of the capacity of the usual superalloy which bears an elevated temperature was attained 
by development of an alloy and the improvement of processing technique, without spoiling other required 
properties, such as reinforcement and oxidation resistance. These improvements were produced according to 
the conclusion that the important property of the reinforcement and others of this kind of superalloy is 
dependent on the reinforcement of a grain boundary. Early efforts were turned to adding various kinds of 
crystal-stressing elements, such as carbon (C), boron (B), a zirconium (Zr), and a hafnium (Hf), and 
strengthening a grain boundary for the improvement of this kind of usual superalloy. 
this — then, the improvement of the usual nickel radical-superalloy by carrying out selection orientation of 
the grain boundary so that it may be in agreement towards growth or compression was started. The pillar- 
shaped particulate structure of the long and thin (pillar-shaped) particle by which orientation was generally 
carried out in the single crystallographic direction in the selection orientation of a grain boundary is 
produced, and the grain boundary which crosses the direction of growth or compression will be made into 
min, or it will lose. The used directivity compression (directional solidification:DS) processing was used for 
other objects, such as a ****** magnet and a particle orientation silicon steel plate for transformers. The 
processing is explained to U.S. Pat. No. 3,897,815 by SUMASSHI (Smashey), and amelioration is added. 
The content of disclosure of all the United States patents quoted here is adopted as reference. 
Compared with the usual casting superalloy article, since the grain boundary which crosses the direction of 
compression was lost, or it considered as min and a pillar-shaped particle was equal to a principal stress 
shaft (principal stress axis) at parallel, the article by which directivity compression (DS) was carried out 
showed strong buildup. Moreover, other properties, such as ductility and low cycle fatigue resistance, 
improved by DS for desirable particle orientation. However, the longitudinal direction had reinforcement 
and ductile lowering by the existence of the pillar-shaped grain boundary of the die-length direction of a 
product by which DS was carried out still in this way. The attempt which is going to improve the 
longitudinal direction grain boundary reinforcement of this kind of alloy, using Hf, C, B, and Zr as an 
additive was performed about usual homaxial nickel radical-superalloy before. However, since it acted as a 
lowering agent of the melting point and the constraint to heat treatment was produced when adding these 
elements to the large quantity, the maximum reinforcement was not able to be made inside this kind of 
directivity compression superalloy. 

Recognition that it cast in various configurations by using a product as a perfect single crystal, and a grain 
boundary could completely be lost temporarily was made. The next logical phase was losing the angle-of- 
elevation grain boundary which extends in the die-length direction looked at by the product by which 
changed processing so that compression of the superalloy as a single crystal might be enabled, and DS f s was 
carried out before. 

Having been conventionally taught by single crystal alloy metallurgy should avoid elements, such as boron, 
a zirconium, and carbon, and it was lessening a content as much as possible in the case of commercial 
melting, the custom of alloying, and a technique. For example, in U.S. Pat. No. 3,494,709, it has advocated 
describing the harmful effectiveness of B and Zr and restricting these elements to 0.001% and 0.01%, 
respectively. In U.S. Pat. No. 3,567,526, it is being explained by removing C thoroughly that the fatigue 
property of a single crystal superalloy article is improvable. 

The homogeneous single crystal nickel radical-superalloy which is said for mechanical properties, such as 
time amount which results in a creep and crushing, to be [ / the nickel radical-superalloy containing Co, C, 
B, and Zr of the same kind ] excellent in U.S. Pat. No. 4,1 16,723 and which does not add Co, B, Zr, and C 
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intentionally is indicated. In it, about 0.5% or less, cobalt will be pressed down to 0.2% or less, if it can do, 
and what formation of the harmful choked phase (topologically close packed phase:TCP) (for example, rho 
and mu) closed in phase should be eliminated for is taught. In it, if carbon, boron, and one element of the 
group throat of a zirconium are also further made by 50 ppm or more not existing, the total amount of this 
kind of impurity will be held down to 100 ppm or less, and the most desirable one's setting to 30 ppm or 
less, and B and Zr are explaining what should be held to 20 ppm or less. In any case, it is being explained 
that carbon must be pressed down in the amount of the following which can form MC mold carbide. Then, 
in U.S. Pat. No. 4,209,348, it is announced that TCP is not formed even if it is contained in single crystal 
nickel radical-superalloy, if it is 3 - 7% of Co. 

Another object which restricts C, B, and Zr is by raising dissolution initiation temperature in relation to 
gamma 1 phase fusion (gamma prime solvus) temperature to enable the perfect dissolution of gamma 1 phase 
timely, without causing the local dissolution of the field which was rich in the solute. However, it came to 
be admitted that it is [ product ] effective for casting of a single crystal product to add a small amount of 
hafnium of U.S. Pat. No. 4,402,772 to nickel radical-superalloy of a certain kind recently, for example, this 
kind of product of the temperature requirement between gamma 1 phase melting out temperature and 
dissolution initiation temperature improves many properties for the purpose of becoming large, and improve 
heat treatability from what is depended on a Prior art. 
(Outline of invention) 

The nickel radical-superalloy which has the low angle grain boundary resistance in which it has been 
improved for single crystal product manufacture by this invention is offered. It comes out of the boron of the 
amount adjusted although the improvement of low angle grain boundary resistance was little in contrast with 
[ the nickel radical-superalloy suitable for casting as a single crystal product ] the doctrine of a Prior art, 
carbon, and discovery that it turned out that it is possible and this is mainly suitably based on an 
improvement of grain boundary reinforcement by addition of a hafnium. Moreover, as for the superalloy of 
this invention, cycle oxidation (cyclic oxidation) and balance of elevated-temperature corrosion resistance 
are also mainly improved by the increment in carbon, a hafnium, and an aluminum pair titanium ratio. 
As one result of enhancement of this grain boundary reinforcement, the mismatch (mismatch) of a far bigger 
grain boundary than the limitation of 6 degrees to the single crystal superalloy by the Prior art can also be 
borne in the nickel radical-superalloy of this invention. If it puts in another way, since it is not necessary to 
depend on the X-ray technique to which costs increase for example, and the grain boundary covering the 
large range can be accepted by the usual detection method, an inspection fee will be cheap and will end. The 
nickel radical-superalloy of this invention is useful especially when directivity compression is carried out as 
the high temperature member, especially revolution blade of an aircraft gas turbine engine (directionally 
solidified). 

Speaking generally, substantially the single crystal superalloy of this invention by the weight ratio 
Abbreviation, 7-12% of chromium, 5-15% of cobalt, 0.5-5% of molybdenum, 3-12% of tungsten, 2-6% of 
tantalum, 2-5% of titanium, 3-5% of aluminum, It has 0-2% of columbium, 0-2.0% of hafnium, 0.03-0.25% 
of carbon, and 0.002-0.050% of boron component, and the remaining components are nickel and a 
subordinate impurity (incidental impurities). In addition, the columbium (Cd) used in this description is 
synonymous with niobium (Nb). 
(Example) 

The nickel radical-superalloy which can be cast as a single crystal is usually spent on manufacture of the 
profile member of the high temperature section of an aircraft gas turbine, for example, a revolution blade, 
and a quiescence blade (stationary vane). This kind of blade member 10 is typically shown in drawing 1 , 
and contains a base (or bottom section) 12 (in order to attach in a disk, it has machined in the shape of "a 
tree (fir-tree) to rub"), the platform section 14, and the profile part 16 curved aerodynamically. The unit or 
two or more paths of the fluid (generally air) which circulates during operation of a turbine through this 
again to the blade member 10, and cools a blade are prepared. A fluid is extruded from the hole put on the 
front end and the back end, and brings about the surface cooling effectiveness by the laminar flow of the 
front face of the profile part 1 6 in many cases. Since this kind of cooling means is well-known and is not 
required of the technical field concerned because of an understanding of this invention, a detail cannot be 
touched here. The technique of directivity casting of this kind of blade is also well-known as shown in U.S. 
Pat. No. 3,494,709, and it is not explained in full detail here. 

Usually, the solidified blade member 1 0 is inspected following the directivity compression which advances 
downward which is shown by the arrow head 18 toward a base 12 for the check of the direction (axial 
growth direction) 1 8 of existence of a grain boundary and axial growth. Although the direction of axial 
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growth is searched for by X-ray analysis (Laue method of usually common knowledge), about nickel 
radical-superalloy, it is desirable that it is ** 15 degrees from [001] crystal orientations. 
Until now, with the single crystal blade 1 0, as the mismatch between contiguity particles was typically 
shown in 20, only a low angle grain boundary called the mismatch to about 6 degrees of maxes was 
permitted. Generally, if it is the skilled watcher, LAB of 0-3-degree order is visually detectable. However, 
when becoming a maximum-permissible mismatch to about 6 degrees, as for measurement, dependability 
had to look at the Laue pattern (Laue pattern) which appears in the either side of the boundaries in question 
by becoming low by viewing. The Laue pattern method is not so expensive, and according to the custom of 
the present single crystal inspection, generally, it is required that 3-4 Laue patterns should be taken for every 
casting. Current also has the uncertainty of detection of a low angle grain boundary in a part, and casting 
yield is only about 45 to 55%. 

A new single crystal superalloy group will be produced by addition of the boron of the amount adjusted 
although the nickel radical-superalloy which now fits casting as a single crystal product was little, carbon, 
and a proper hafnium. 

It is that the main advantages according to this discovery in addition to an improvement of cycle oxidation 
and balance between elevated-temperature corrosion resistance are [ the low angle grain boundary in the 
single crystal product built with the superalloy of this invention ] firmer than the single crystal product by 
the Prior art. Therefore, LAB which has a mismatch 6 degrees or more compared with it having been 
presupposed that about 6 degrees of maxes were permissible is also permitted and received with this kind of 
product before. The increment in the yield of the product which can reduce and permit an inspection fee is 
based on an improvement of the above-mentioned low angle grain boundary resistance. He can understand 
that neither LAB nor HAB exists in true "single crystal." However, further, since one and two low angle 
grain boundaries exist, in addition, they must touch on a single crystal to the single crystal discussed here. 
As mentioned above, single crystal products, such as a blade 10, are covered over an X-ray test in order to 
confirm orientation (orientation), and a visual inspection is conducted in order to confirm the existence of an 
angle-of-elevation grain boundary. In order that the new superalloy of this invention may confirm 
orientation, an X-ray test is performed, but in order to distinguish LAB and HAB, it is expected that a 
required X-ray test can be decreased or omitted substantially. 

If it puts in another way, the acceptance marginal resistance of LAB by the visual inspection will increase 
about the profile member built with the new superalloy of this invention from about zero to 3 " to about zero 
to 9 ", and it will be expected that the Laue measurement is needed only about grain boundary about 9 
degrees or more. Please note that the mismatch of a big grain boundary is permitted compared with about 6- 
degree mismatch permitted with the alloy by the conventional technique in new superalloy. Anything does 
not have a limit, concerning a grain boundary in a base and a platform part. That is, the grain boundary 
reinforcement of the product built with the superalloy of this invention is increasing, and HAB is also 
permissible if it stands on recognition that a platform part and a base have low temperature, compared with a 
profile part. Therefore, the part shall be equipped with the property of a "single crystal" at least with the 
"single crystal product" said here. It is expected that the presumed casting yield (estimated casting yield) of 
the product built with new superalloy on the whole rises to 75 to 85%. 

Therefore, it is understood that the superalloy of this invention owns many properties which were excellent 
even if the angle-of-elevation grain boundary by which orientation was carried out to the whole product 
even if as a result of processing by DS technique was generated. The superalloy of this invention is built 
with the usual casting (conventionally cast:cc), and even if it produces two or more random orientation 
particles which had an angle-of-elevation grain boundary between them, many of these outstanding 
properties are expectable. 

Therefore, it has the improved low angle grain boundary resistance by this invention, and it contains by the 
percentage which sets chromium, cobalt, molybdenum, a tungsten, titanium, aluminum, columbium, a 
hafnium, carbon, boron, and a hafnium to the following table [ Ith ] intrinsically (weight) (request), and the 
nickel radical-superalloy with which a residual component consists of nickel and a subordinate impurity is 
offered. 
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the — the presentation of the various alloys quoted here is shown in II table including the thing of this 
invention. 
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The upper part of the slab-like (slab-like) ingot 30 by which directivity compression was carried out at the 
sense of arrow-head 1 8 f is typically shown in drawing 2 in order to build the sample for a trial. The built 
sample was a single crystal which does not have LAB or has LAB20' parallel to direction 1 8* of at least one 
compression, or was an ingot which has two or more HAB(s) (not shown) parallel to direction 18' of 
compression by the usual DS processing. Although the ingot which has two or more HAB(s) by which 
orientation was carried out is the same DS processing, it will be able to be built for it to be also alike without 
using a technique required to build a single crystal, and it will be simply called DS or DS' ingredient here. 
For the comparison, some of alloys of the Ith table performed the usual casting, and they built the ingot with 
two or more non-orientation particles which have an angle-of-elevation grain boundary between particles. 
The heat-treating method used so that duplex gamma' structure (duplexgamma prime structure) might be 
expressed sufficiently thoroughly about the superalloy of this invention Thus, the ingot (or product) by 
which DS processing was carried out is slowly heated at about 2310 degrees F. After holding to this 
temperature for about 2 hours and making a gamma dash phase into the solid solution, it cools to about 1 975 
degrees F or less at the rate of 100 to 150 degrees F. [/m ] Subsequently, it cools to about 1200 degrees F at 
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the rate of about 75 to 150 degrees F per minute, it reheats to about 1975 degrees F over about 1 hour, and 
cools to about 1200 degrees F at the rate of about 75 to 150 degrees F per minute, and it heats at about 1650 
degrees F over about 16 hours, and, finally cools to ambient temperature. 

The above-mentioned sample for measuring a physical property was built with the part 32 of the shape of a 
rod which crossed compression direction 1 8 ! of the heat-treated ingot, and was taken by the usual approach. 
Each single crystal sample from a part 32 contained one LAB of the known orientation decided by X-ray 
analysis, excluding LAB. Similarly, the sample from the slab by which DS processing was carried out 
included the non-orientation (randomly oriented) particle of plurality [ sample / from the slab of controlled 
cooling ], and the non-orientation angle-of-elevation grain boundary including two or more orientation 
particles and orientation angle-of-elevation grain boundaries. 

the [ drawing 3 and ] — if an III table is seen, it turns out against the knowledge by the conventional 
technique that it was found out that boron is advantageous to the stress disruptive strength of a single 
crystal, and it has strengthened LAB which exists in the single crystal built with the alloy of this invention 
with carbon, the [ drawing 3rd / the / and 4 and ] — the [ III and ], although "the percentage (%of Perfect 
Crystal Life) of a perfect-crystal life" is shown in IV table This is the stress destructive life of the alloy of 
the base presentation (the II table) by which DS processing was carried out so that LAB might not be 
formed. About the direction of DS, and its right-angled (and the stress axis of a sample (stress axis) parallel) 
[110] direction, it was examined on condition that the same stress as the superalloy compared with it, and 
temperature, and was used as a comparative criterion. Moreover, for the comparative object, it is the sample 
of the base presentation which has LAB which showed extent of a mismatch, and the stress destructive life 
of the sample of the base presentation under DS processing conditions is shown in some tables. 



http ://www4 . ipdl .ncipi . go j p/cgi-bin/tran_web_cgi_ejj e 8/ 1 7/2006 



JP,3402603,B [DETAILED DESCRIPTION] 



% m 3k ~ A 
\fi Tj IS] 1 JC 23 * ft tfe 





c r 


p 

D 


14 f 

n t 


1 A 

Li J\ 


B 




\f HP 


(\h rf 


A £) tfc 






ppra 




IS. 


0 


F 


k c i 
Kb 1 


\hf \B) 


70 


/V 


1 


47 




0.15 


12. 


6 1800 


^ H 
00 


') A ft 


ft A 


ft ft 


2 


47 




0.15 


11. 


9 1600 


DO 


l u . J 






3 


48 


20 


0.15 


9. 


2 1600 


R 0 
30 


1 4 ft ft 


U . D 


ft 
u 


4 


48 


20 


0.15 


12. 


2 1600 


C D 

58 


7 7*/ 


1 . $ 


U 


5 


50 


3 0 


0.20 


12. 


0 3 1600 




1/5.1 

9 

I 35 . 0 


O 4 

L . 4 


1 . 5 


6 


49 


43 


0.15 


14. 


0 1 500 


75 


I . 1 


1 . t) 


7 


49 


43 


0.15 


14. 


0 1600 


c a 


6 04 . 0 


O . 0. 




8 


49 


43 


0.15 —31 


1600 


58 


4 0 


o 1,0 


ft £ 




9 


49 


43 


0.15 -31 


1600 


58 


4 C 


0 1.0 


ft ft 




10 


49 


43 


0.15 


15 


1600 


08 




D AO 

0 u . y 


1 - 6 




1 ) 


59 


75 


0.20 


13.8 


1600 


58 


0 4 1 

347 . 




1 . 1 




12 


90 


4G 


0.15 


U 


1600 


58 


Q 0 l\ 

oou . 




OA U 




13 


90 


4G 


0.15 


14 


1600 


58 


171 . 


4 I . b 


0 R 

L . U 




14 


90 


40 


0.15 


16 


1600 


58 


168 . 


0 2.5 


9 7 
0. 1 




15 


49 


40 


0.15 


14.0 


1700 


45 


92. 


,2 2,5 


U . 7 




16 


49 


43 


0.15 


14 


1800 


30 


t n ft 

10ft 


.7 i . y 


( 0 




17 


49 


43 


0.15 


15 


1800 


24 


124 


.7 2.5 


0.6 




18 


49 


43 


0.15 


15 


1800 


30 


33 


.3 r 0.9 


0.0 




19 


50 


30 


0.20 


12 3 


1800 


28 


234 


.0 fl NA 


NA 




20 


90 


40 


0.15 


11 


1800 


30 


188 


.8 2.6 


0.0 




21 


90 


46 


0.15 


14 


1800 


24 


296 


.1 1.8 


0 




22 


90 


4G 


0.15 


14 


1800 


30 


51 


.0 1.6 


2.5 




23 


90 


40 


0. 15 


18 


1800 


30 


73 


. 1 3.3 


0.8 





1. LAB (XliHAB) *«*U«K {a^-ffc^lSj^lfifto 

2. 1 ci^^LA:B*Blrt(;««*ife-tf^s -SrWStt^ Sl^r »UJ (C 104.8 ksi£ 
T?ffifi*Ji«f, 134.7 kslK-ttf 5 wiK 1 Lfc. 

3. StWWH'-aW^UtiH^To 

4. nec?i<Lfcn*»lrtic*«*Jt-tf^ -&**Jfc 4.7ii.$l^ic 78 ksi * 

5. C ZlZ7fiLtzm8fol~<&&* 50 ksi 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,3402603,B [DETAILED DESCRIPTION] Page 9 of 1 2 

as m ■ a - b 









K — 








C C 




t- h 




L A BIL 


L A B %<!ii 


D Sftt® 


R80 






■*«] 


*m 


% 


tit mm 




"*IHI 


1 


47 


24.6 


150 


16.4 


12 2 


3 


30 


2 


47 


10.3 


150 


6.9 


12 2 


3 


30 


3 


48 


146.0 


150 


97.3 


10 15 


3 


30 


4 


48 


77.7 


150 


51.8 


12 2 


3 


30 


5 


50 


175.1 


150 


116.7 


12 2 


3 


30 


B 


49 


185. 0 2 


150 


123.3- 


NA 


10 


45 


7 


49 


304. 0 4 


150 


202.7 


NA 


3 


30 


8 


49 


48.8 


150 


HAB 


NA 


3 


30 


a 


49 


46.3 


150 


HAB 


NA 


3 


30 


10 


49 


109.8 


150 


73.2 


12 2 


3 


30 


li 


59 


347.9 


150 


231.9 


12 2 


3 


20 


12 


90 


380.1 


150 


243.4 


11 2- 


15 


30 


13 


90 


171.4 


150 


114. 3 


NA 




30 


14 


90 


168.0 


150 


112.0 


NA 




30 


15 


49 


92.2 


90 


102.4 


NA 


0.5 




10 


49 


108.2 


100 


108.7 


NA 






17 


49 


124.7 


375 


33.3 


NA 






ia 


49 


33.3 


100 


33.3 


NA 






IV) 


50 


234. 0 5 


250 


93.6 


NA 






20 


90 


118.8 


100 


118.8 


1 1 35 






2) 


30 


296.1 


375 


79.0 


NA 






22 


90 


51.0 


100 


51.0 


NA 






23 


90 


73.1 


100 


73.1 


NA 







It is shown in drawing 4 that the superalloy of this invention has the stress disruptive strength which was 
excellent compared with usual single crystal superalloy in all the mismatch angles to O to 18 degrees. 
Similarly, the mismatch angle of twice [ about ] as many magnitude as this can be borne rather than the 
according [ on all the percentage level of a destructive life and / the superalloy of this invention ] to Prior art 
although there is nothing single crystal superalloy which is LAB bears and it obtains, the — even if DS 
processing is carried out so that HAB may be formed as shown in IV table, the superalloy of this invention 
has the outstanding stress disruptive strength. 
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the — V — a table — Mach — one — gas — a rate — it can set — natural gas — flame — using ~ a table — being 
shown — conditions — the bottom — having carried out ~ coating — carrying out — having --**** — one — /- 
- four — an inch — x — three — an inch — (-- one — /— four — ' — x — three — 1 — 1 — ) — being long — a 
round head — a pin — a sample — being related — a cycle ~ an oxidation test — a result — it is . Since it was 
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exposed uniformly, it was made to rotate, and the sample repeated the cycle which takes out from flame 
once in 1 hour, and is cooled to a room temperature. Outside metal loss was measured about the part which 
cut off the die-length direction of a sample horizontally. The difference of the diameter of the pin before and 
behind a trial was divided by 2, and the metal loss per each side face searched for it. The data of a table are 
the average of the measured value of two diameters which intersect the right angle of a sample. 
The data of the Vth table are shown in drawing 5 in a graph. Although the more typical alloy BB of the 
cycle oxidation resistance of the superalloy of this invention is not better, the oxidation resistance of the 
superalloy of this invention shows the improvement which can be satisfied enough and exceeds a base alloy 
and the oxidation resistance of R125. It is thought that it is because the oxidation resistance improved 
compared with the base superalloy of the superalloy of this invention mainly enlarged the aluminum pair 
titanium ratio. If heat (heat) 44 and the data of 49/50 are compared, the cycle-proof oxidizing quality is good 
further by addition of a hafnium. 
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the — the result of the high temperature corrosion test about the sample of the 1/8 inch x2 inch (l/8"x2") 
long round-head pin which was performed under the conditions shown in a table using the combustion flame 
of JP-5 fuel which added only ppm which had the salt shown in products of combustion and by which 
coating is not carried out is shown in VI table. Since it was exposed uniformly, it was made to rotate, and 
the sample repeated the cycle which will take out from flame once on the 1 st and is cooled to a room 
temperature, the — the data of VI table give elevated-temperature corrosion resistance — being alike — 
carbon needs to exist in the superalloy of this invention and it is shown that the elevated-temperature 
corrosion resistance of the superalloy of this invention is superior to Alloys AA and BB. Therefore, when 
the superalloy of this invention mainly enlarged the aluminum pair titanium ratio of a base alloy for carbon 
and a hafnium, cycle oxidation and balance between the resistance over high temperature corrosion are 
improved. 
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Boron and carbon of an amount which were adjusted although it was little, And since the concept of 
invention hung up over here [ of improving the low angle grain boundary resistance of the nickel radical- 
superalloy suitable for adding a hafhium optionally and casting as a single crystal product ] has the actual 
evidence of being applicable to other nickel radical-single crystal superalloy It will be understood that it can 
carry out to the activity which is in invention which described various kinds of modification and alterations 
which were not mentioned to especially here here, and was described here without separating from the 
pneuma of invention decided by especially the generic claim. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[ Drawing 2 ] 
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[ Drawing 1 ] 




[ Drawing 3 ] 
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[ Drawing 4 ] 
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(i^^lC, Mfef B &|^ (subgrain bound 
ary) t t>l^ z {i4X'5fi^^J?- (low angle grain boundar 

fi^ie* (LAB) irv^ 5 Rg^$tifc^{co^-Cii, * 

C73«#(4®^^ (edge dislocation) , Bn^M^ftJ?- 
(tilt boundary) COjE^T U-f (regular array) (CS 

(mi smatch) ffitt) \ C it tb h *$> Z> ffl<Di><DX 

t\,^mmi-z. - -xf£mmmkvxmm-rz> 



( 

5 

<fc0. £rofcfci*a«#McJt'*T»*At|, i"fc##)teff 

*£iif (B) , vvWa^A (Zr) &U^:7-?A (H 
Z.b\zfi]tf<b>titc Q 

lftSr*«05iK#Sr*/hK Lfc 9 «< -f 5 C i Kifc*. 46 
ffl^ttfc^lRlttH^'ft; (directional solidif ication:D 
S) *yStt, *b<^^*s' hXtfgffiSflKota^ElP] 

(Smashey) \Z X S*S#W^3, 897, 815 

aurroHfjtie^ttiaKijfc^-c, Xfttemmk ©s) 

&'^b1rZ<D^mX&.*i i ±fct}Ml (principal stress 

axis) \Z.mj\m0tL$>%k&<D*&±*^\,tz. o 
#*UVMfr?ElRl0>fc», DSlci-oTjEtt&UHSlJ-'f ^ 

co j; 5 i-Ds £ ntzms, rofi $ ^- is] <oe^:ta#w # & <£ 

B, SVZrSr^in^Ji: U-CfflV>rro«<0-g-^(O«|^r|6]!|a 



3 ) 4$fFfl 3402603-9- 

6 

*B^fFfg3, 494, 709#t?«:BRtJ«Zr<O^r*/j:^Sr5& 
^T, ^tt^cOTcS^r-tix^no. 001%S.O t 0.01%{c$iJ 
J: piiLt^S. *B#frg?3, 567, 526-%-X'lZ 

#B#frS?4, 116,723#-ett, Co, C, B, ^.O^rSr 

ttT^S irSfc>*t5, SUlWl-Co, B, Zr&tfCSr^JP 

(topologically close packed phase:TCP) (ty\7LV$. p 

b<D 1 oc07U*tj50ppm&(Ji#ft LT«/£ib-f\ T*#iX 
(iiOa<D^!^cO||*m00ppm^T(vlW^, *t>»* 
LVN(D(430ppmKlTi:-rSr LTB S.tPZr ii20ppm 

Pjjfcl/^t^V^-C^So *S4#ffm 209, 348# 

C, BS.T^Zr5r$iJRSi-^^ 5 1 o(0@6<jfi, y' t@H 
$Mganuna prime solvus) S^tdM^ LTi§fi?W§*&iUf 

^ttfcS. L^L^^^>, *)fi, *S#tr^4, 402, 77 
30 2-^-<0^*<D^N7^!?A5rfc5acO=5'^/V'S-^-g-^ 

ia0t^^/«k (cyclic oxidation) 

(D*S^ <b £ tit v > 5 o 
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<D**~?y=?- (mismatch) K hWtX-Z> - t &X*% 5 D Ife 

ttH^fcStbS (directionally solidified) jt^KUi 

*J£*T?#?K 7-12%C£>^nA N 5 — 15%<7> n/^ h s 0. 
5- 5%<D*V ^t>, 3-12%(D^ V^^-^>-, 2- 
6%<D^^^/K 2-5%tf)^>\ 3-5 %(DT^^ 
0 — 2%<D=in ^tf^A, 0-2. 0%(D^7^ 
0.03-0. 25%(7)^^, 002-0. 050%cD/^r> 

(incidental impurities) "Cfo<5 0 ^^SBS^f 3 
-efl§V^3 = n^tr** (Gd) = (Nb) fcHilg^fc 

So 

(HJfiW 

— KXV#Jh^<— ^ (stationary vane) (DSSHtfcilffir 

Hfc*S:hrC*5tK (XtttftTuSP) 12 (t^^M 

8tfttt5fc«> Tt^cOyfv (fir-tree) j WcWttPX 

L-CfcS) , h*-^£P14, xr^s^^wi-* 

«H4«F3t©««fet>, *HWfff»3,494,709#fc 

flS^CO^ft^rlft^ftO^-fp] (axial growth directio 
n) 180«fc»^fc»|£tftX£ixa o Wj&ftCD^fateX^ 

^^>$r/^-®^^OVNT^ [ooi] «SA4kk^|q]^& 
±15° ti?5^^^u\ 



4 ) 4#fFfg 3 4 0 2 6 0 3f 

8 

^>^r>^./^^ — > (Laue pattern) £ tttU^ft 

3t4X*J4jie45-S5%Jj:i-*3fcv\ 

10 3¥2*£**b<5 r ^ftofc 0 

_L3£to<fc5fc> ^^-Ki0*ifo*|*»«fl,H:*y3i 

^f 1 — v^3>- (orientation) £rfit#>£> £ fc4f>X4ft^> 
30 mw-rtvtf, B»»3lEKJ:6LABOS#|R*BttB:, 

^ x ^ ^^^^b^# tenR<D ^tmm z tv 

UV^jB^d*foSftofc«fp(OfS)ei»3fiiR* (estimated 
casting yield) ^75^ b85%\Z±^1r % h <D t ^ffl $ 

il^C0^5afe^3s^tt (conventionally cast:CC) N -t 

50 olBKMA^trWofc^fcoy^^AElfttt-f-ftfeC 



( 5 ) iftfFSR 3 4 0 2 6 03f 

9 10 

* I £ 

(11%) 

C r 7-12 7-10 9.5-10.0 

C o 5-15 5-10 7,0-8.0 

M o 0.5-5 1-3 1.8-1.7 

W 3-12 4-8 5.75-8.25 

T a 2-6 8-5 4.6-5.0 

T i 2-5 8-4 8.4-8.6 

A 1 3-5 4-4.5 4.1-4.8 

C b 0-2 0-1 0.4-0.6 



H f 0-2.0 0.05-0.5 0.1-0.2 

C 0.03-0.25 0.03-0.1 0.05-0.07 

B 0.002-0.050 0.002-0.020 0.008-0.005 
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Sfc»^H3i8'o^#lc*iftttH^fcc?ixfc^9^ (s. 
lab-like) -r y=?y h30(D_bgp-efo-5 o jgfeftfcWilsf 

-e# , -Cf*i|i#Bia>s* tens' t n <b fc-f 



40 *IP^S^CoV^liv' «5& (duplexgamma 
prime structure) Sr+^^^^^-f <fc 5 t^ffl ^ bttfc 

Sp p p) ^^o<t)^2310° FtCjPH&U ^0»*t».2 

<bl50° F(D3Sft-e#?J1975" F£*T*-t?#*PU ?fcV*-Cfe 
#fa75° F^5>150° FO3gS"C^1200 ,> FSTSfrSPU 

i ^r^dMtr^]i975 o F*-en*p|^L. fe#^75° F^e> 

150° FOaS"e*?)1200 o F*TS£*PU **J16B£BIia>ttT 

50 *attttK*«^afc»©m»©imtt:, Mtta^ 
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fllfi**tfcJIEftioEifi|©LABHi*r-a , Ay"ev^fc 0 IrUHM. 

MfBft (randomly oriented) ffi^Xt*&IEfti6A*fc# 

rut, vtti^mattKirfO-efca * 

fc*3B*K#aE-r5LAB«rSftflSbTV^Sii:3S«4>3&>S. 
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s) \z.Wu) [no] *|rHc:o^-c\ ^;}x<i:J£R£ 
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T?ffifi*±tf\ 134.7 ksiSC±lf £ w tlz& *) 1 ft'Cmm Ltz 0 

3. 2tt4©H , -ffii*ttU*J».»T. 

4. Z Z U&LtznmiHlz®.® -mVB&ltz 4.7«f|flU: 78 ksl * 

-e m w.$.±.tf i Nf r.ii t? s£ m l ti „ 

5. Z ziC7fiLtzVmfttzmi%*>Ji-&ir\ -mmfTilz 50 ksi £«ig*± 

{./ & z t ic«t <o m.m l tz a 
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wailf^ i30ksi{c±{/T o.2D.5iaj-eis§ x ho ksi {w±j/r i.sb$hu«c$x 

I50ksi^±tfT O.SUifaiT-fiSaio 
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